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CDMA 2000 PESQ Measurement for CMUgo

1 Overview

Recent mobile test methods could not evaluate the quality of data re-
duced speech signals with different coded and decoded signals. The
Perceptual Evaluation of Speech Quality (PESQ) provides the solution
for this measuring problem. CDMA 2000 PESQ is an add-on tool for
CMUgo for automatic measurement of the PESQ for CDMA 2000 mo-
bile phones according to recommendation ITU-T P.862 featuring se-
lectable fading profiles and variable Additional White Gaussian Noise
(AWGN). It features selectable fading profiles for upto 40 paths and
variable Additional White Gaussian Noise (AWGN) for realistic receiv-
ing.

The following abbreviations are used in the following text for R&S® test

equipment:

e The R&S® CMU200 Universal Radio Communication Tester is re-
ferred to as CMU.

e The R&S® SMU200A Vector Signal Generator is referred to as
SMU.

e The R&S® AMU200A Baseband Signal Generator and Fading
Simulator is referred to as AMU.

e The R&S® UPV Audio Analyzer is referred to as UPV.
e R&S®refers to Rohde & Schwarz GmbH und Co KG

1MA136 3 Rohde & Schwarz
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2 Introduction to PESQ

The “Perceptual Evaluation of Speech Quality” (PESQ) measurement
method, which was published by the International Telecommunications
Union in 2001 as recommendation /TU-T P.862, enables measure-
ments to be made on speech signals that are transmitted at low bit
rates using high compression psychoacoustic coding methods. PESQ
employs an algorithm that enables these signals to be evaluated by
comparing them with reference signals. The R&S UPV supports this
measuring method, with the software licensed by Opticom GmbH in Er-
langen (Germany).

A common feature of all psychoacoustic coding methods is that they
utilize the properties of human hearing to clip the transmitted signal so
that the portions of the signal that would in any case not be perceived
are removed from the signal. Speech can be compressed more easily
as other types of signals, since it occupies considerably less bandwidth.
When speech compression is used, it is necessary to be able to deter-
mine objectively, with the aid of psychoacoustic measuring methods,
whether the speech transmission technique produces unacceptable de-
gration of the percieving speech quality.

PESQ was developed using a large number of recordings containing
sentences spoken by a variety of speakers in a variety of languages.
The recordings were made using several different speech encoders
with different levels of quality and with typical network transmission dis-
turbances. In a series of listening tests, an adequate number of test lis-
teners classified these examples on a speech quality scale ranging from
1 (bad) to 5 (excellent).

The goal in the development of PESQ was a method for determining an
objective measurement that correlates very well with the listening test
results, based on comparing the original, undegraded speech signal
(the reference signal) with the degraded signal (the measured signal).
To perform a PESQ measurement, the reference signal must be con-
nected to the input of the system under test and the measurement sig-
nal must be taken from the output of the system under test (see Fig. 2).

Reference Level Input [~ Auditory
signal | align M Fiter [ k— transform
T l Prediction of
System e Disturbarice Cognitive Perceived
® under test Allgn and processing ! modelling IEd Speech
equalize T quiality
Degraded Level | ) input I_. ¥ Auditory |d.Eanf\,‘ had
signal align Fllter — transform intervais

Realign bad intervals

Fig. 1 Algorithm of PESQ Measurement in UPV
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In Fig. 2 the R&S instruments involved in the PESQ measurement
setup for a downlink and their function is shown. The UPV provides the
reference audio speech signal, the CMU modulates the baseband sig-
nal to RF which has been interfered by the SMU / AMU with fading and
AWGN. The mobile phone demodulates the RF signal and supplies the
degraded audio signal (system under test). The UPV performs the
PESQ measurement which determines the speech quality of the mobile
phone receiver.

System Under Test

|-> Fading AWGN — SMU/
. 1 AMU
Enco- | | N Modu-
“TA[ der \ lator
Baseband
Infout CMU
SPEECH Earphone
Reference
Sl Ny \
Gene- Degraded
rator 2§ VAnalyzer 1 Signal
Ref UPV

Fig. 2 PESQ Measurement Setup with R&S Instruments

The setup for an uplink measurement is similar, but reversed. The ref-
erence signal is provided from the UPV into the mobile phone’s micro-
phone input. The mobile modulates the baseband signal to RF. The
CMU demodulates the RF signal and supplies the audio signal to the
UPV for the PESQ measurement.
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PESQ Value and MOS Value

Over the course of time, the ITU has developed several different meth-
ods for calculating objective measurements from the average values of
the listening test results. This calculation is performed by using a map-
ping function such as the example shown below.

P.862 Algorithm's Mapping Function

Mapped P.862

P.862
Fig. 3 P.862 Algorithm's Mapping Function

The average values from the listening tests are plotted on the Y axis,
and the associated PESQ values in accordance with ITU P862.1 are
shown on the X axis. This constraint will help ensure that MOS-LQO
scores from will be comparable for all implementations of ITU P.862.

The R&S UPV implements the three most important standards which
differ only slightly from each other and have been approved by the ITU:

e ITU P.862: The measured value is the “PESQ Score” or the “PESQ
MOS” (Mean Opinion Score). The possible range is -0.5 (worst) to
+4.5 (best). In addition, measurements can be made with reference
to the speech component or the silence component of the signal.
The latter is particularly interesting because it shows how well the
codec replaces background noise.

e ITU P.862.1: The measured value is the “MOS LQO” (Listening
Quality, Objective). The possible range is —0.5 (worst) to +4.5
(best). This standard is used with the included CMUgo measure-
ment item CDMA2KPEsQ.DLL. It is referred to as PESQ measure-
ment in the following chapters.

Analyzer Function

Function PESC -

According to |MOS PEE2 A -

Fig. 4 UPV PESQ Version
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e |TU P.862.2: This is the wideband extension (bandwidth > 6.3 kHz)
of P.862. The measured value is the “MOS”. The possible range is
—0.5 (worst) to +4.5 (best). Note that measurements obtained using
this option cannot be compared with results obtained in accordance
with P.862 or P.862.1.

Influence of the Coding-Decoding Cycle on the
PESQ Results

One of the envisaged applications of PESQ is evaluation of speech co-
decs. Consequently a pure coding-decoding procedure causes some
degradation of the results, depending on the codec algorithm, the test
signal and the driving level of the encoder.

As an example, the natural speech test signal specified in 3GPP2
C.S0056 subject to software coding-decoding with the EVRC codec
used in CDMA2000, yields a PESQ score according to ITU-T P.862 of
3.77 and a MOS-LQO according to P.862.1 of 3.90. This marks a best
case result achievable only if there is no further degradation due to
other reasons.
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3 PESQ Measurement According to ITU P.862.1

Hardware Configuration

For manual and automatic PESQ (MOS LQO) measurement of the up-
link or downlink signal featuring fading and AWGN the hardware
(R&S®CMU, R&S®SMU or AMU, and R&S®UPV) must be configured as
follows:

Sl

@

|

4@

4

! caos

‘;
[é

Fig. 5 Hardware Configuration

CMU 1/Q Output (1/Q connector)-> SMU / AMU 1/Q Input
SMU / AMU 1/Q Output > CMU 1/Q Input (I/Q connector)
CMU RF2 output €<= mobile phone RF connector

UPV GENERATOR1 - CMU SPEECH connector input
UPV GENERATOR2 - Mobile microphone input

Mobile earphone output > UPV ANALYZER1 input

CMU SPEECH connector output > UPV ANALZER? input

A mobile phone can be connected to the UPV either with an acoustic
coupler or by cutting off the earphone of a regular headset and recon-
necting it to an XLR male plug.
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UPV Software Requirement

The UPV requires option UPV-K61 PESQ measurements. PESQ
measurements require the CMU-B85 coder and decoder to be cali-
brated first by the UPV (See pages 13 and 14 for details). The macros
DECODER.EXE and and ENCODER_PESQ.EXE must be installed with the
included file CMUCAL_PESQ.MsI which needs to be copied to the UPV
via USB Stick or LAN and executed on the UPV. In order to run the
macros the Universal Sequence Controller option UPV-K1 needs to be
installed on the UPV. In order to run CMUGo the Remote Control op-
tion UPV-K4 needs to be installed on the UPV.

1MA136 9 Rohde & Schwarz
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Flowchart of the PESQ Measurement

CDMA 2000 call

»
»

CoDec
Cal?

| Calibrate CMU decoder |

| See page 13

v

Calibrate CMU encoder &
mobile phone output

See page 14

»

>

A 4

Set fading profile & AWGN on SMU

See page 15

N SMU BB
Cal?

Calibrate SMU baseband input

See page 19

Perform PESQ Measurement and store
result

Calculate and display PESQ min, max,
average and standard deviation

Another
test?

Release call

Test End

Fig. 6 CDMA 2000 PESQ Measurement

The following flowchart shows the necessary steps to perform a PESQ
measurement for CDMA 2000.

Rohde & Schwarz
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Manual PESQ Measurement

The following section shows in detail the necessary steps to perform a
PESQ measurement manually. In order to ensure repeatability of
measurement results it is recommended to preset all instruments in-
volved (CMU, SMU / AMU, UPV).

CDMA 2000 Call Setup
First establish a CDMA 2000 call.

1. Set the desired call parameters on the CMU, e.g. CDMA2000 Cellu-
rar or PCS, Network Standard (Band Class), Sytem ID number, RF
channel, and CDMA Power.

2. Register and establish the call

<13/ CDMA2000..5,,

Overview

Connect
Control

E CDMA2000cel. Connection Control [ Signal On
» Connection Infarmation
T ing (AT ) Int ti .
» Ejssaglng( 1 orrration Signal
» Rejected Order Infarmation Waiting for off
»MS Information mobile registration
w Sighalling Setup o
Systern 1D Mumber 1 :
call from the mobile.
| RF Channel 283
CDMA Power - 7000 dBm
» RF G
RF Caonnectar In RF 2 Connect
RF Ext. Att.In 00 de MS
RF Caonnector Qut RF 25
RF Ext. Att. Out 00 de _ 1st Service
» AF G | Speech Service 8|
Network
| BC 0: us cellular || -
| -— -—— [4 Power
Standhy Access Probe
Connection Handoft  |Service Cfg.| BS Signal | Metwork | AFIRF@" Sync. | El 2 I

Fig. 7 CDMA2000 Call setup
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CDMA 2000 PESQ Measurement

1. Turn CMU-B17 Bypass ON unless you have performed a CMU pre-
set. This ensures that the call will not be lost if the SMU / AMU is set
to a non proper state, e.g. baseband turned OFF, AWGN level too
high etc.

e tup—| IF2=IF Irter facesic-1F

T I1Q-F Interface
Defallt Settings []
IQHF RX/TX Bypass |

Fig. 8 CMU-B17 RX/TX Bypass

Remote-control command:
CONF:IQIF:RXTX BYP

2. Select RF2 input, RF2 output on CMU. Enter the cable loss to the
mobile e.g. 0.7 dB.

RF Connectar Setup
RF20UT RF 2 RF 1 RF
G-P Qutput
Ext. Att.
+00a8 +07 a8 +0.0 aB Output
RF 4 IM RF 2 RF 1 RF
Input

@- Ext. Att.

+00d8 +07 a8 +0.0dB Input

Fig. 9 CMU RF Connector Setup

Remote-control command:
INP RF2;0UTP REF2

1MA136 12 Rohde & Schwarz
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3. Set the Selected Service to Speech Service. Select the Selected
Service Option to one of the values supported by the mobile, for ex-
ample Service Option 1 for 8k, or Service Option 68 for EVRC-B.

@ CDMAZ200 Cellular Overview 0-G ‘gz:?:;t

B CDMAZ000cel. Connection Control [§ Signal On
_Setup |Primar\,f Service Class!Speech Serviced. .. | o
Default Settings ]

Accept S Ongmeted | Accept All Calls

Frimary Service C
Selected Service Speech Service

4 Loopback Servir:e

Selected Serwce Oprtion | Service Option 68
» Service Option 1
» Service Option 3
’ Ser\flce Opt|en ’IT

4 FCH Conﬂg
Woice Coder Echo
EchoDelay 200 =

~ocoder Configuration

Connection | Handoff Service Cfg.| BS Signal MNetworK | AFIRF@*' Sync. |.- 2 |

Fig. 10 CMU Service Option

Remote-control command:
PROC:SCON:SCL:SPE:SOPT S68D
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4. For the first measurement perform a decoder calibration since it is

instrument specific. The decoder output is is measured for a digital

full-scale signal applied to the speech decoder.

Speech D I
4 Encoder®] <\ GENERATOR 2
Al |}
! I
' 1
\
Digital Full CMU UPV
Scale
SPEECH
Connector

Set Voice Coder to DECODER CAL on the CMU.

415 CDMA2000,.%,, overview

B CDMAZ2000cell.  Connection Control J§

Connect
Control

Signal On

—Setup |F‘rimary Service Class/Speech Servicel. . | o

Seleted Service Speech Service
P Loopback Service

Selected Service Cption Service Option 68

P Service Option
P Service Option 3
P Service Option 17
F FZH Config
Yoice Coder | Decoder Cal
Echo Delay 200 =
~Wocoder Canfiguration B
Average Encoding Rate 93 khps
Initialize Vocoder Execute |
Connection Handol!  Service Cfg. | BS Signal | NetworK | nFIRF@Pl Syhc. | HEl : I

Fig. 11 Decoder Calibration

Remote-control command:

CONFigure:SCONfig:SCLass:SPEech:568D:VCODer DCAL

Start the decoder calibration on the UPV with the menu SEQUENCE

- EXECUTE MACRO > DECODERCAL.EXE.

Remote-control commands:
SYST:PROG:EXEC 'C:\\Program Files\\

Rohde&Schwarz\\CMUCal PESQ\\DecoderCal.exe'

SYST:MEM:STR1? // Continue when 'OK'

14
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5. ltis necessary to perform a encoder calibration the first time since

it is instrument specific. It measures the encoder input voltage which
is required for a digital full-scale signal at the speech encoder.

Loop

GENERATOR 2

ANALYZER 2

v

UPVv

SPEECH
Connector

Set the Voice Coder to ENCODER CAL on the CMU.

7] CDMA2000 ...,

B COMA2000cel.  Connection Control g

Overview

—=etup

Connhect
Control

Signal On

|Primary Service ClassiSpeach Servicel. . |—

rvice Class

Selected Service

F Sarvice Cption 1
F Service Cption 3
¥ Service Cption 17

S Tion
¥ FCH Config
aice Coder
Echo Delay
~Wocoder Configuration
Average Encoding Rate
Initigize Yocoder

Speech Service

Service Option 68

| Encoder Cal.

[Enter

Connection | Handof o ServiceCfg.l BS Signal | Network | AFIRF@" Sync. |.- 2 I

Fig. 12 Encoder Calibration

Remote-control command:

CONFigure:SCONfig:SCLass:SPEech:568D:VCODer ECAL

Start the encoder calibration on the UPV with the menu SEQUENCE
- EXECUTE MACRO » CMUCAL_PESQ.EXE.

Remote-control commands:

SYST: PROG:EXEC

'C:\\Program Files\\

Rohde&Schwarz\\CMUCal_ PESQ\\EncoderCal_ PESQ.exe'

SYST:MEM:STR1?

// Continue when 'OK'

Rohde & Schwarz
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6. Change to measurement mode by setting the Voice Coder for the
selected Service Option, for example 8k EVRC-B. The CMU now
transmits the audio signal from the UPV to/from the mobile.

<15 CDMA2000,%,, Overview B

= CDMA2000cen. Connection Control [g Signal On

—Setup |Primary Service ClassiSpeech Servicel. .. | o

Frimary Service Class
Selected Service Speech Service
¥ Loopback Service

Selected Service Option Serwvice Option 68
* Service Cption 1
* Service Cption 3
» Service Cption 17
: tion 68
» FiZH Config
Woice Coder | 8k EVRC-B
Echo Delay 200 =
~Wocoder Configuration B
Average Encoding Rate 9.3 khbps
Initizlize Vocoder Execute |
Connection Handoff Service CTy. | BS Signal | HNetwork | AFIRF@' | Sync. | El 2 I

Fig. 13 CDMA Voice Coder

Remote-control commands:
CONFigure:SCONfig:SCLass:SPEech:368D:VCODer ON
CONFigure:SCONfig:SCLass:SPEech:3568D:ENCoder:ARATe DEFault

1MA136 16 Rohde & Schwarz
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7. Route SMU / AMU baseband input to path A or B (if available).

I Basehand Input Settings.... I

Frequency Offset
0.00 Hz

Path Gain
0.0 dB
— Signal Routing ——
v/ route to path A i

Fig. 14 SMU / AMU Baseband Input A

Remote-control command:
BBIN:ROUT A

Route SMU baseband output to path A (if available).

Impairments
11 Impairments (Digital Baseband)...
AWGN

AWGN...

LGy Ot

Settings...
"x 1/Q Out from A i

Fig. 15 SMU Baseband Output A
Remote-control command:

BB:IQO:SOUR A

Turn the SMU / AMU fading simulator ON and select a fading profile
e.g. CDMA4 100 (3Path).

2 Fading A

State o
Set To Default [ SaveRecall... ‘ IStamlard ] CDMA4 100 (3Path) ﬂ
G | Settings
Configuration ] Standard Delay j Speed Unit I km/h :J
Common Speed For All Paths = Keep Constant [Speed :J
Signal Dedicated To | RF Output | Virtual RF | 1.000000 00000 |GHz |
Restart Event | Auto =] Restart |
Ignore RF Changes < 5% [~ On Frequency Hop. Mode ]0& :J
Path Settings
Path Table... | Ppanpelaywizard.. |  Coupled Parameters.. |  Insertion Loss Configuration... |
5e
0|
=
m 10
o 154
@ 20 opp ‘
0 = Gauss (0.08 fd) WM Rice
S o Gauss (0.1 fd)
35.
£ o
o 45
£
55.
4 0 1 2 3 4 5§ 8 7 8 é:bﬁfzfaﬁ(sﬁsDelayips

Fig. 16 Fading Simulator Configuration

Remote-control commands:

FSIM: ILOS:MODE NORM

FSIM ON

FSIM:STAN <PropCond> // e.g. CDMA4

17 Rohde & Schwarz
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10. Turn the SMU / AMU AWGN ON and set the parameters as defined
in the Recommendation ITU-T P.862.

B AWGN Settings A

Mode | Additive Noise R
System Bandwidth | 1.2800 [MHz  ~|
Minimum Noise/System Bandwidth Ratio | 1.0
Moise Bandwidth 12917 MHz
Display Mode [RF =]
Noise Level Configuration And Qutput Results————
Set Noise Level Via [CN |
Reference Mode | Carrier j El
Bit Rate | 100.000 000 | kbps ~|
Carrier/Noise Ratio | 2000 [dB  ~|
Eh/ND | 307 |8 | <4

Fig. 17 AWGN Settings

Remote-control commands:
AWGN:STAT OFF

AWGN:BWID

AWGN:BWID:RAT 2
AWGN : POW : MODE

AWGN: POW:RMOD CARR
AWGN : BRAT

AWGN : POW: CARR

AWGN : ENR

AWGN:STAT ON

11. Calculate the SMU / AMU insertion loss by subtracting the base-
band output level from the baseband input level. The baseband in-
sertion loss can be compensated with the CMU RF level. If using
the AMU, an alternative method is to slightly increase the output
level to remove the insertion loss.

12. Turn CMU-B17 Fading ON to loop the baseband signal from the
CMU to the SMU / AMU input.

Setup —||.I'C! - IF Interface/ic - IF

Q- F Interface
Default Settings | [
G- IF Fading Path

Fig. 18 CMU Fading Path ON

Remote-control command:
CONF:IQIF:RXTX FPAT

1MA136 18 Rohde & Schwarz
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13. Turn SMU / AMU baseband input ON.

Fig. 19 SMU / AMU Baseband Input ON

Remote-control command:
SOUR:BBIN:STAT ON

14. Perform SMU / AMU Auto Level Set (baseband input calibration) at
the beginning of the test sequence. The CDMA 2000 output signal
level is specified at 0.5Vp = 0.0 dBfs = +7.0 dBm for 50 Ohm resis-
tance. Tolerances are instrument- and cable-specific.

Remote-control command:
BBIN:ALEV:EXEC

e SMU/AMU baseband input level > 6.76 dBm

Baseband Input Settings =)o
Mode | Analog Input j
IF'0 Swap [~ On

Baseband Input Level
Measurement Period | 2| s j

Crest Factor | 0.44|dB |
PEP | 0.21| dBFS |
Level | 6.76) dBm |

Fig. 20 SMU / AMU Baseband Input Level

Remote-control command:
BBIN:POW:RMS?
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e SMU / AMU baseband output level can be found in the 1/Q im-
pairments menu - -13.77 dBfs = -6.77 dBm referred to 0.5Vp
and 50 Ohms.

. 1iQ Impairments A (Digital Baseband) SEx]
1/Q Impairments

State Off |

| Offset 0.00 | % |

|

Q Offset | u.uu| o |
|
|

Gain Imbalance 0.000 | 4B |

Quadrature Offset I].I]I]I deqg j

[+ Optimize Internal 2 Impairments For RF Output

Optimization Mode I fast j
Baseband Signal Level

Crest Factor 13.70 dB

Peak Level 0.02 dBFS

[Signal Level (RMS) -13.77 dBFS

Fig. 21 SMU / AMU Baseband Output Level

Remote-control command:
BB:POW:RMS?

15. Compensate SMU / AMU insertion and cable loss with the CMU RF
External Attenuation Output control.

- SOUR:CORR:LOSS:0OUTP2 14.23 (= Cable Loss - Baseband
Output Level + Baseband Input Level = 0.7 dB + 6.77 dBm + 6.76
dBm).

16. Enter cable loss for mobile uplink (TX) with CMU RF External At-
tenuation Input control (e.g. 0.7 dB, see fig. 5).

Remote-control command:
SOUR:CORR:LOSS:INP2 0.7

17. Perform a PESQ measurement on the UPV (the parameters were
already set by the decoder / encoder calibration, p.16).

Remote-control commands:
INIT:CONT OFF; *WAT // Trigger measurement
SENSe :DATA? // Read PESQ value

The MOS sample count defines how many measurements must be
taken so you should keep track of all the results. The actual PESQ
value according to Recommendation ITU-T P.862 is the resulting
average. It is also convenient to determine the minimum, maximum
and standard deviation of a test.

1MA136 20 Rohde & Schwarz
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Automatic PESQ Measurement with CMUgo

The R&S software tool CMUgo allows you to generate custom test se-
quences for the CMU plus one or more additional R&S instruments
such as generators, analyzers, power meters, step attenuators. It offers
automatic instrument configuration, test and documentation. The test
results can be saved in several typical file formats, allowing post-

processing with e.g. Excel, MatLAB etc.

CMUgo Installation and Configuration

CMUgo v1.9.6 (or later), the CDMA 2000Pesq measurement DLL and
the demo sequence CDMA 2000 PESQ Demo can be downloaded from

http://www.rohde-schwarz.com/appnote/1MAS87.

html. Please install

CMUgo first. If CDMA 2000PEesQ.DLL from the link above is newer than
the DLL included in CMUgo just copy it to the CMUgo working directory.
Before performing the sequence CDMA 2000 PESQ DEMO.SEQ define
the CMU, SMU / AMU and UPV GPIB addresses in CMUgo first.

1. The CMU address is defined by selecting the menu CONFIGURATION
- REMOTE PORT. Select the PRIMARY ADDRESS (default 20), check

the ACTIVATE box and press OK.

Configure R

—Remote port [RS5232)

x|
QK |
_ Canedl |

Caticel

% COk 1: £ COk 2 € Ok 3 ) COK 4
) COk 5 L o= € COK|7: 1 Ok &
Configure ... |

—IEEE 488.2

IV Activate % Mational Instruments Controller Card IBoaldIndexU vI

" Agilent Controller Card [SICL) Ihpib

Primary &dress

|2D Searching |
— Timeout [zec.]

IED

Fig. 22 CMUgo Configure Remote Port

21

Rohde & Schwarz


http://www.rohde-schwarz.com/appnote/1MA87.html

1MA136

CDMA 2000 PESQ Measurement for CMUgo

The SMU / AMU is defined in the menu CONFIGURATION -

AUXILIARY GPIB PORT 1. Set the DEVICE NAME (SMU / AMU),
PRIMARY ADDRESS, check ENABLE PORT and press OK.

Auxiliary GPIB Port 1

— Device Hame

=]

B

—Primary Address —————

—Secondany Address—————

IEB IEI
—EOT Mode EQOS Character——————————
I'I IEI
— Timeot
0k
— ok |
Cancel |
Enable Port [v

Fig. 23 Auxiliary GPIB Port 1

The UPV is defined in the menu CONFIGURATION - AUXILIARY GPIB

PORT 2. Set the DevicE NAME (UPV), PRIMARY ADDRESS, check
ENABLE PORT and press OK.

22

For better compatibility with future CMUgo versions we recommend you

to check the menu item OPTIONS - SAVE CONFIGURATION AND REPORT
AS XML FILE.
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Configuring and Starting the PESQ Measurement Se-

guence

Load the included measurement sequence with CONFIGURATION —->

CONFIGURE TESTS - LOAD SEQUENCE...
DEmMO.SEQ.

-> CDMA 2000 PESQ

Awailable

Item Selected

CDMA 2000 FER Testset

CDMA 2000 Fading SHU

COMA& 2000 Find Atteruation
CDMA 2000 Find Reference
CDMA 2000 Handoff

COMa 2000 Int.Spur Resp.atten,

COMA 2000 T Channel Scan
COMA 2000 T Spurnious Emissions
CDMA 2000 T Spurious |nit
CDMaone Call Release
COMAone Call Setup
CDMaone Call Testzet
COMaone Echotest
CDMaone FER Testzet
COMaone Handoff

Change CMLU GPIB Address
Check Mobile Capabilities

CDMA 2000 B 5 purious Emissions 1
COMA 2000 B Spunous Emiszions 2

~ | “Basic Initigizing
2 COMA 2000 Call 5etup
COM& 2000 Call Testset
= COra& 2000 PESE Measurement
ad CDM4 2000 PESD Meastrement
CDMA 2000 Call Testzet
CDra& 2000 PESE Measurement
COr& 2000 PESE Measurement
COMA 2000 Call FRelease

]
|
e

& | Filter

[rescription

J LCommon Settings ...

CDMA_PEST_DEMO.SEQ 1§ Propettss ..
Load Sequence .., | Save Sequence ., J = | Duplicate Test ltem J
Inzert Sequenice .. | Save Selection .. J Append a copy of selected Test ltem

E

Fig. 24 CMUgo Sequence

The sequence consists of following functions

Basic INITIALIZING — This function is necessary to define the required
CMU function groups, e.g. IS-CDMA 2000 PCS Band (signalling), etc.
The CMU groups are controlled via the secondary GPIB address (SAD).
Basic Initializing automatically detects or defines according secondary
addresses required automatically.

Basic Initializing

Active Puncton groups

[~ GSM 400

[ GSM 850

[~ GSM 300

I~ GSM 1800

™ GSM 1300

[ 15136800

I 15-136 1900

[ 15-CDMA Cellular

[~ |5-COMA PCS Band

[ 15-COMA 2000 450 MHz

v |5-COMA 2000 Cellular Band
[ |5-COMA 2000 PCS Barid
[~ |5-COMA 2000 1MT 2K Eand
[~ WwWCDMa 1300 FOD

[~ Blustooth

[~ AMPS

I Audio

I~ 1#EvDO

™ Estermal 10 MHz Reference
W Show CMU Report Screen

v Skip the Peset [Be awars of possible malfinction)

Cancel

Dezelect Al
Select All..

Fig. 25 Basic Initializing
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CDMA 2000 PESQ Measurement for CMUgo

CDMA 2000 CALL SETUP — This function registers the phone and estab-
lishes a call. The example is for a US Cellular (BCO) network, the RF
level is set to -70 dBm.

Call Setup Configuration

Mtk i Physical Charnel 0
U5 Colllar [BC] B 8
Load Metivark Default Channel & SID Lewel [dBm]:

Call Mode—
|Speech Semice Option 3

[ n]

-

Fundamantal Channel [FCH)
Channel:

Lewvel [dB):

]Eall from Testzet ChLU

Frarme Dffzet;

| &icept A1l Calls

;[b_ Led 14

P amirum Time (zec.) - Pilat Channel

Lewel [dB);
[ prefered uzage of the MEID
[ Decimal conversion of the reported ESH Syne Channel - -
[ Hide the ESM in reparts Leswel [dB): l—.ﬂg-
Fradio Configuration [Fomward/FReverse) EHE -

|-‘_ ]

|F-I /R W Activate DCHS
e - || ipaimerts
~ Frame Fate - 1 | Frequency Offset (kHz): lin
[Full Rate ||| awEN Level (dB) T
Parameter | T Activate AWGN
Ll 1 Attenuations -
NI . 1 It Ii
PH-Offzet: '—[f Dutput: Ii
RIIBREREAIROA ]—E‘ CHl Connectar: ™ RF1 f{* RF2
e 1 Tests i

[ Standby Power Test
[ Access Probe Power Test
[ fccess Probe Stairway

Llging this mobile [Dto farce call o MS T
Q00Doo0ooa0

[ User Input for BF Channel, SI0 and NID

[ Don't test the used service option of the mabils
[ Mo Meszage to Power Cucle the Mobile

[ Skip Pasitioning Dialog

[ Use Windows Bing Tone

Canfigure ... horteul Exterzion Mods ‘ (] 4 | Cancel

Fig. 26 cdma 2000 Call Setup Configuration
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CDMA 2000 PESQ Measurement for CMUgo

CDMA 2000 PESQ MEASUREMENT — Sets the SMU / AMU fading profile,
AWGN level (Eb/No), compensates the insertion loss and performs a
PESQ measurement.

8 x
. —Test — Atteniiations: .
Fading Propagation Conditions ICDM!—‘«'I 812 Paths) :I CML Cable-Losz DL I 1.5 d8
SNR [lorfloc) OFFT— I 10 || CMU Cable Lass UL I 1.5:.dB
Speech mode [coder] IService Option 68 [ EVRC-E | Low j — U /AL Baseband
BBin  BEout
EEesessseesee—————a | EVRCE Rate Drefault -
I 2 —I Calibration I 23 I 5s
hstiments: CHUIZA0 SML, LRy ie | ink. : [ ] o
isHuats : URY Setup File uplink.set UPY Channel |1 1) ~5 Ueoin Bon1 (Fading Simulater]—
CODEC Calibration [ Mane [ I AU
~ FER Seftings Reset I
Measure FER I — Az GPIE Port 2 [Audio Snalyzer) ——
FER Limit [ 100% Reset [ P
Min. Confidence Level I 900 &
bak, Mumbzr of Frames | 2000
— Measurement
PESE Min I 3
PESQ MOS Sample Size I 1
Show Detailed Flesults i
- Description

I Liplink test ’TI Cancel

Fig. 27 CDMA 2000 PESQ Measurement

Following parameters can be varied:

FADING PROPAGATION CONDITIONS — Selects the CDMA 2000 fading
profile (default CDMA1 8 (3 paths). The selection NONE turns fading
OFF.

SNR ( lIoRr/ loc) — Signal to Noise ratio.
OFF — Turns AWGN OFF

SPEECH MODE (CODEC) — Select from available Service Options in-
cluding Service Option 68 (EVRC-B). Default is Service Option 1
(8k).

EVRC-B RATE — Allows selection of various bit rates, if EVRC-B
coded is selected.

UPV SETUP FILE — Allows selection of a setup file to be loaded on
the UPV. The setup file must be previously saved on the UPV Audio
Analyzer. Default is to use the current UPV setup.

UPV CHANNEL — Allows selection of the UPV Channel for both Gen-
erator and Analyzer.

CODEC CALIBRATION — UPV calibrates the CMU Decoder/Encoder
path when checked. This needs to be performed in the prescribed
CMU calibration cycle. The complete calibration process takes ap-
proximately 30 seconds.

PESQ MIN — Lower Pass/Fail limit of the average PESQ value.

DOWNLINK MOS SAMPLE SizE — Number of samples taken for PESQ
measurement. Typical values according to the Recommendation
ITU-T P.862 are 40, 75, 150, 200. Each sample takes approxi-
mately 15 seconds.SHOw DETAILED RESULTS — Additionally shows
all measured PESQ values as defined in MOS Sample Size besides
the Mean, Min, Max and standard deviation.
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CDMA 2000 PESQ Measurement for CMUgo

CMU CaABLE Loss DL — The downlink cable loss of the RF cable
from the CMU to the mobile.

CMU CABLE Loss UL — The uplink cable loss of the RF cable from
the mobile to the CMU. The DL and UL values are usually the same
except when a directional coupler is used for example.

CALIBRATION — Calibrates the SMU / AMU baseband input. This
automatically adapts the wanted signal to the AWGN level and only
required when the network is changed (see CDMA 2000 Call
Setup).

AUXILIARY GPIB PORT 1 (FADING SIMULATOR) — This is the symbolic
name of the fading simulator, e.g. SMU / AMU. It must match the
CMUgo menu CONFIGURATION - AUXILIARY GPIB PORT 1.

NONE — Allows you to use the program without an SMU / AMU fad-
ing simulator connected.

RESET (SMU / AMU) — Performs a reset of the SMU / AMU fading
simulator at program start. Note that the SMU /AMU Baseband
Calibration checkbox must be turned ON because the instrument is
uncalibrated after reset.

AUXILIARY GPIB PORT 2 (AuDIO ANALYZER) — This is the symbolic
name of the audio analyzer, e.g. UPV. It must match the CMUgo
menu CONFIGURATION > AUXILIARY GPIB PORT 2.

RESET (UPV) — Performs a reset of the UPV audio analyzer at pro-
gram start. Note that CODEC Calibration must be turned ON or a
the SMU /AMU Baseband Calibration checkbox must be turned ON
or a UPV Setup File defined because the instrument is uncalibrated
after reset.
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CDMA 2000 PESQ Measurement for CMUgo

CDMA 2000 CALL RELEASE — Releases the call and unregisters the
phone and is necessary for setting the CMU and phone into a defined
initial condition.

Call Release Configuration

Type

" Release from Mobile

* Release fram Testzet ChLE

¥ Free all CMU resources

Call Setup

I awirmum Time [sec.] 1 0

Fig. 28 CMDA 2000 Call Release

TEST END — Must be located at the end of every test sequence (*.seq) to
free CPU memory and resources.

Configure Test End 1 _@j _El

¥ Start Autosave Procedures
[T Count MANz a3 failed tests

™ Dialog clozes automatizally

after [Sec) I 3
Ok I Cancel

Fig. 29 Test End
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Storage and Further Processing of Measurement Data

When the example sequence has been performed correctly, the follow-
ing message will be displayed when the SHOwW REPORT SCREEN box in
the BASsIC INITIALIZING function has been checked.

Infa Dialog

Fig. 30 Info Dialog

After pressing Proceed the measurement report is visible.
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CDMA 2000 PESQ Measurement for CMUgo

& Untitled - CMUzo

File: Measurements . Configuration  ‘Window  Cpkions . Help
= EH B L T %8 L2 sk sl |
M =
easurement Report &,.. '
&SCHWARD -
Operator: P ) Medmesday, Aogest 27, 2008 23:08:45 O
CHU Idant: Fifrae & Sehware, CRRILE 200, oo, W xx
Options: B19/842, 821, B4 B52, POMCH, B33, BRR, BOS, #0, M42, K56, CPURME) e oy
wfd
Sequence: ---
Test Mame and Condition Lowar Limit | Upper Limit Mezzured Malue | FiF |
BF Chanmed 283, AF beve! -FOL0 o' Brr, AOH 8, ACH Level 14008, Filod Ch. Level -7.0d8, Sy O, Level -16.0d8, OGNS -{.F dB
S0, D, P Offset O, FCH Fame OffFet 0, Attenwation (nfilwd) 2.0 -2.0 08, Mipaiments ANGA —, Fequesty Cifset —
Conmected” Service Opbiorn: Speech Senvice 3, forvad Fadio Cond®. o, Beverse Radio Com 4
M5 Mentifoabion; 12345678904 23435, Sedal Mbwber; 12345678, Power Class: 25.0 o By, Pofoco! BEv. 3
Call to Mobile: BCO (U8 Celular) [ ([ ] passed | v |
BF Chammed 1013, AF Leveld -63.0 o G, F0H 8, AOH Leved =187 o8, Filed Ch. Lewe! -F.00B, OGNS -1.9 08
PO et 0, FOH frame Offset O, Atenuabion (Do) 101,008, mpaiments AWGNY —, feguency Ofsed —
FESQ Measurement Uphim best 200 | E— 300 W
[ 1 ] .28
[ 1|I ] 240
[ [ ] 3.
[ (I ] 329
[ ([ ] Fed
PESQ Mrebam"ild e v Z.a0 a0 0.8
PESO Meazurermerit Cbwnlind des 2.00 —] 3.1 W
[ ]! ] 366
[ ([ ] 362
[ ([ ] 258
[ [ ] 5.50
[ 1|1 | 2R
PESG ket e v | 3™ .33
BE Chanred 143, BF Leve! =730 o'By, G0H 8, FOH Level =167 o B, Filod Ch. Leved 7008, OGS -1.89 48
Pl Cfset O, FCH Frame Offset 0, Atenuabtion (n'Dut) 101008, wpaiments: AGHN —, fequency OffFet —
FES Measurement doliv test .00 | 343 W
[ ([ ] 368
[ (L ] 350
[ [ ] 343
[ 111 | 247
[ 1 ] 261
PESG MinWaxShd T v 293 3.93 038
FESO Measuremert Cownlind dest 2.00 —] 209 W
[ ]! ] 317
[ 111 1 3.58
[ ([ ] 2.3
[ [l ] 315
[ 1| ] 204
PESG Mkt Do v 254 354 .33
Call Relezse Test: L || = ] passed v
(¥
Ready IDLE | Zazog pM vie
Fig. 31 CMUgo Measurement Report
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The report can be stored in the in the proprietary CMUgo format (*.mdf)
with FILE - SAVE or exported, for example to Excel format with FILE >

EXPORT DATA > To EXCEL....

A | B | c | D [ E | F | G

i IMeasurement Report

ZDate & Time: Freitag, 16. November 2007 15:12:05

| 3 [Operatar: naname

| 4 |ChU Ident:  Rohde&Schwarz ChU 200 x000000000 Wi

| 5 [Options: B11/812,B21,B41 B52 PCMCIA BS3 B3 ,B95 KO K42 KB4 CPUFMR) Memaory

| B | uP1

| 7 |Sequence:  ---

| 8 |

| 9 [Test Mame arLower Limit |Upper Limit | Measured %'a Unit PiF
10

l Network, GEM 1900, BCCH ChanpelLevel: BOOE5.0 dBm, TUH Channell 610, TUH Lavel (dBm): -95.0, Shpport &
12

E Main) Timesiot: 5, Atennation {in/Out): Q60,6 o8, Siot Mode: Single Siot, Bitstream: PR, Aux TN Off
14

| 15 | raffic Mods: Funi Rate 12

| 16 |

i SR 00 1000000095, Serial: 1234567 8-123456-8, Revision: PH2ZP, Number: | Traffic: FRIA, Power Class: &
18

| 19 [Call to Mabile: Passed

| 20 [PESQ Measy 4 400100101 Passed

| 21| 4 ARPTYE6

| 22 | 4 09765313

| 23 | 4 40537126

| 24 | 4 9350566

| 25 | 4 24093753
2 FPESO Ming 350100101 4 50100101 033

Fig. 32 Excel Sheet

The *.xIs file

is perfectly suited for further processing of the data with

another Excel sheet or any Windows Application capable of copy and

paste import

. Simply mark the column containing the single PESQ

measurements and drag and drop it to your desired application.
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4 Additional Information

Please contact CUSTOMER.SUPPORT@RSA.ROHDE-SCHWARZ.COM for
comments and further suggestions.

5 Ordering Information

Audio Analyzer

upv (0 Hz - 250 kHz) 1146.2003.02
Or

UPV66 (0 Hz — 250 kHz) 1146.2003.66
UPV-K1 Universal Sequencer Controller 1401.7009.02
UPV-K4 Remote Control 1401.9001.02
UPV-K61 PESQ Measurement Option 1401.7309.02

Baseband Signal Generator and Fading Simulator

AMU200A Baseband Signal Generator 1402.4090.02
AMU-B13 Baseband Main Module 1402.5500.04
AMU-B14 Fading Simulator 1160.5600.02
AMU-B15 Fading Simulator ext. (optional) 1160.5700.02
AMU-B17 Analog Baseband Input 1142.5900.02
AMU-K62 ,(AAd\;:ivlgv’\elz)Whlte Gaussian Noise 1159.7202.02

Vector Signal Generator

SMUZ200A Vector Signal Generator 1141.2005.02
SMU-B13 Baseband Main Module 1141.8003.04
SMU-B14 Fading Simulator 1160.1800.02
SMU-B15 Fading Simulator ext. (optional) 1160.2288.02
SMU-B17 Analog Baseband Input 1142.2880.02
SMU-K62 é—\Afj\;ivlgv'\elz)Whlte Gaussian Noise 1159.8511.02
Radio Communication Tester

CMU200 Univ. Radio Comm. Tester 1100.0008.02
CMU-B17 IQ/IF analogue Interface 1100.6906.02
CMU-B83 CDMA2000 Signalling Unit 1150.0301.22
CMU-B85 CDMA2000 Speech Coder 1100.7002.22
CMU-K83 CDMA2000 SW-option and / or 1115.3500.02
CMU-K84 CDMA2000 SW-option and / or 1115.3600.02
CMU-K85 CDMA2000 SW-option and / or 1115.3700.02
CMU-K86 CDMA2000 SW-option 1115.3800.02

ROHDE & SCHWARZ

ROHDE & SCHWARZ GmbH & Co. KG * Muhldorfstralle 15 - D-81671 Miinchen - P.O.B 80 14 69 - D-81614 Munchen *
Telephone +49 89 4129 -0 * Fax +49 89 4129 - 13777 " Internet: http://www.rohde-schwarz.com

This application note and the supplied programs may only be used subject to the conditions of use set forth in the downlo-
ad area of the Rohde & Schwarz website.

1MA136 31 Rohde & Schwarz



	1 Overview
	2 Introduction to PESQ
	PESQ Value and MOS Value
	Influence of the Coding-Decoding Cycle on the PESQ Results

	3 PESQ Measurement According to ITU P.862.1
	Hardware Configuration
	UPV Software Requirement
	Flowchart of the PESQ Measurement
	CDMA 2000 Call Setup
	CDMA 2000 PESQ Measurement
	CMUgo Installation and Configuration
	Configuring and Starting the PESQ Measurement Sequence
	Storage and Further Processing of Measurement Data


	4 Additional Information
	5 Ordering Information

